LEIR Cooler Status

Gerard Tranquille, AB Dept., CERN
On behalf of the ECOOL/LEIR commissioning team.

COOLO05, Galena, IL USA
18th-23rd September 2005




L
The lons for LHC project E

 LHC needs L = 1027 cm?s-1 at 2.7 TeV/n
* 592 bunches, 7.107 ions/bunch, €=1.5 ym, *=0.5m
* Implies 9 108 ions with €=0.7 um every 3.6s in LEIR

* First run, early scheme, L=5 10%° cm-2s-1 (60 bunches, 7
107 ions/bunch, p*=1) => 2.25 108 ions in LEIR.
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Early beam

> Nominal beam

Beam Intensity [E8 ions]

Peak mtensny

Linac I rep rate : 2.5 Hz,
Ion beam energy : 4.2 MeV/u
Electron energy : 2.35 keV
Electron current : 1 05 mA

ean:z lifetime : 6.§5s
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Overview of the Accelerator Chain
for (nominal) LHC Ion Operation

@)

200 pA Pb27+
at 2.5 keV/n

Repetition rate up to 5 Hz
After acceleration and stripping :
- 200 pA Pb¥ at 4.2 MeV/n

- »120 ps long pulses

- Each ring filled (during ~10 min):
* with 12 SP5S batches,

* total 592 bunches per ring.
-Design :

* Luminosity 1057 em-2s-t,

* Collision energy 2.76 TeV/n.
-Limited by collimation and ECPP 2

Energy ramping cavity Ap/p ~0.4%
(needed for LEIR injection)

PLaT+ = Pbﬁ-‘-‘l-r/

- LEIR

Accumulation of ~4 Linac pulses :

- Mulfiturn injection (fransverse+longit.)

(70 turns with B0 % eff).

- New electron cooler constructed by BINP.
Bunching, acceleration and transfer fo P5.

Two bunches corresponding to 4 LHC

bunches at 72 MeV/n every 3.6 s.

-RF gymnastics
to obtain 4 LHC

SPS

bunches spaced
by 100 ns.
- 4 L HC bunches

- Accumulation of up to 13 LEIR/PS batches

on a ~40s plateau.
- "Variable (non-integer) harmonic” acceleration.
- Direct space charge and IBS limit ?

- Up to B2 LHC bunches per cycle at 177 GeV/n

at 5.9 GeV/n
every 3.6s.

Low Energy Ion Ring LEIR
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Al Stripper Pb® to Pb+:
low-beta insertion
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LEIR h

Combined H/V/P multiturn injection (inclined septum+
momentum increase of incoming beam such the injection orbit (D
dp/p+decreasing bump) remains the same during injection. 50%
injection efficiency reachable(75% on paper))

Cool and stack the freshly injected beam by electron
cooling in 400 ms max

4 injection-cooling-stacking cycles should be enough
(time<1.6s)

Acceleration and ejection (h=2) at T=72MeV/n (energy
choice is a compromise between the limit of incoherent tune shift in
PS, the time between bunches for the ejection kicker, the min RF
frequency in PS and the stacking time in SPS/LHC)
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LEIR electron cooler @

 Choice of parameters based on the results from the 1995-97

experiments and on our experience of operating electron cooler
devices (LEAR/LEIR, AD) for more than 12 years.

» Electron energy range from 2 keV to 40 keV.
« High perveance gun (6 uP at 2.3 keV => le = 600 mA).
* Variable electron beam density.
- Cold electron beam, E;<100 meV, E <1 meV.
* Adiabatic expansion.
 Maximum cooling length possible. 2.5m.
- Homogeneous magnetic guiding field (AB/B,<104).
— “pancakes’.
- Efficient collection of the electron beam (Al /1 ,<104).
— Electrostatic deflector plates.
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« Technical specifications made in 2001/2002.
— LEIR electron cooler conceptual study, PS/BD/Note 2001-17.

— Specifications for the LEIR electron cooler magnetic
components, PS/BD/Note 2002-18.
— General mechanical parameters for the LEIR electron cooler,

PS/BD/Note 2002-23.
« Design/feasibility study completed by BINP in March
2003.
* Addendum to the CERN-Russian Federation Agreement
(“Skrinsky 1I") approved in May 2003.
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Technical drawings approved in autumn 2003.
“shopping list” drawn up at the same time.

&

First shipment of materials (316LN steel, bellows, HT

feedthrough, water hoses and connectors) to

Novosibirsk made in March 2004 with a complementary

delivery in June.

Construction of vacuum chambers and magnet system

(“pancakes”) made in the BINP workshop.

Magnet measurements and alignment made in October.

Test with electron beam performed in November
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August 2004
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October 2004
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« Cooler arrived at CERN on December 16t 2004.
« Jan. - May:

— Vacuum system cleaned

— Modifications made to water and HT systems

— Faraday cage installation

— Interlock system commissioned

— Solenoid power supplies commissioned

— Magnet measurements made

— Ensemble inserted and aligned with the LEIR ring
— Preparation for bakeout
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Magnetic Field Measurements
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Bakeout Cycle
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Bakeout of LEIR sector 2 finished 29" June
Remounting of the cooler commenced a week later
Vacuum leak was discovered on a gun ceramic

Present vacuum level is
6 1012 torr

COOLO05, Galena, IL USA
18th-23rd September 2005




h

Present status (LEIR)

Last vacuum sector bakeout was done 10 days ago.

Still many micro leaks around the machine
— Average pressure 8 10-12 torr

LEIR closed for cold check-out last Thursday.

Since June the injection line has been commissioned
with O** and Pb>** ions.

Beam-line optics have been checked and are in
agreement with theory.

First injection planned for this week (use O*" and switch
to Pb>4* in November).
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Present status (ECOOL) E

« Some minor mechanical work still needs to be finished.

— Modify gun enclosure for primary pump installation to contain
leak on the gun ceramic.

« HT cabling needs to be finalised in the LEIR ring.
 Commission all HT power supplies and their controls.

Vacuum leak In sector 2 has meant that the
cathode needs to be replaced and a bakeout of
the sector needs to be done next week.

We still hope to have the first cooling of ions before
the end of October
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